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(54) Cata.op.Hc o Ptt ca, system a„ d proton expose apparatU8 equ|pped ^ ^ _ 



£? im • Acatadl0ptnc system comprising a 

first ,maging optical system for forming an 
intermediate image of a first plane surface TicoS 

Z^ITH SyStem fof f0m ^ a ^.TmageT, 
first plane surface onto a second plane surface wh ch 
is substantially parallel to the first plane 1uSe 

fnL, ,ype *** ^ disposed in £e' 

optical pam from the first plane surface to the second 

SS reS s 8 firet "S 

n£L» ^ ' 9ht """'"S fr"" 11 trough the first 
pane surface and a second reflecting surface fo 
directing the light reflected by the first Srtno 

or tne first and second reflecting surfaces is a 

is&sss* system are disposad « • 



FIG. 2 
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SSS^ daims me b ™" m of Japanese Patent app,ication Na 11 ' 199467 is heret >y 

5 

BACKGROUND OF THF INVENTION 
Field Of the Immntlnn 

10 [0002] The present invention relates to a catadioptric optical system and a projection exposure apparatus 
equipped wit* , the catadioptric optical system suitable when manufacturing in a photolithography pSSTlr 
a semiconductor dev,ce or a liquid crystal display device. In particular, the invention relates to a wSnc 
optical system suitable for a scanning type projection exposure- apparatus. catadroptnc 

15 Related Bari^mm^ Art 

[0003] in a photolithography process for manufacturing semiconductor devices and the like there is used a 

ffhSSM T 3 Patt r ima96 ^ ° n 8 Ph0t0mask or retide (coneclverrefened to as 
reticle hereinafter) is projected and exposed onto a wafer, a glass plate, etc. coated with a photoresist or thl 

20 heVL 8 °H n ° P "?l 8y8, ! m K " ** ln,e9rati0n 0f me """conductor de^2s aTtheTe f mp^d 

aonLtut ^^T 1 ?^ re80lUti ° n ° f thS pr0jection optteal 8VStem used "» «» Projection ensure 

apparatus. In order to satisfy such a demand, there have been occurred necessities for shortening the wavetenoth of 
illurn.nat.on light and increasing the numerical aperture (hereinafter referred to as "NA") , 5 The S oSce 
system, in particular, regarding me exposure wavelength, repladng g-line (x = 436 nm). Mine (x = 3Knm) fnd fuE 

25 1,7-7,7 S [ T \ = ^l nm> ""^ ^ ^ »* «*«' laser ■** tt " 1 ^ nm) and F 2 fcser 
light U= 157 nm) will probably be used. 2 

r°,n°£ J^T"* 1 f^* wavelen 9 tn of """"ination light becomes shorter, a fewer kinds of glass materials 
can be practically used due to light absorption. As a result, when the projection optical system is consWed b a 
refraction system alone, that is. only by optical dements not including a reflecSng reftS pSer 

30 (a concave or convex mirror), chromatic aberration cannot be coveted. Additionally o^useTe Sta 

I'^V'SJtol rf ^ iS Various kinds option E2 

preferably be corrected to a level of almost no aberration. Eighteen or more lens elements are reouired for 

cX2d« a T S f 6 ^ 0 ? 8 V de8ired ° pacal P-*«n™. * a «m^S^*!T^ 

mX!^ll^Z n \ (See \ tor e T P ' e> Japan6Se Une *amined Patent Publication Hei No. S-iyfSS and Ts 
35 tZ 1* PP , | 9 h, , a , b f r P«' on a "d avoid manufacturing costs' increase. Moreover, when extreme ultraviolet 

TnT wav ^ ° 200 " m ° r ,ess is used " 016 OP* 08 ' Performance may be affected by ^nSmtfTES 
absorption in glass material and on an anti-reflection film on the lens surface example, light 

n°m°° 0 M« R h«^ e I , n a ' th0U 5 h ° SCillatl0n bandwidth 0f ,aser "S" 1 80uroe8 a " oscillation wavelength of 200 
exoosJ I nSm IST™^*™!? 1 me bandWidth has sti " 8 "•«»• Thus, to project and 

40 ShT! , , ™9 good contrast, correction of chromatic aberration of the order of pm (pico meter) is 

SSS is^ Z^n 8y l em . d,SC,0Se , d in me 8bov ^ e "«°" 8d Japanese Unexamined Patent Publication He^ No 0 1 

to £L to 5"* SySt t m mad6 fr ° m 8 Sin9le Wnd 0f 9' ass materia l. and its chromatic aberration I 

too large to be used with a light source having a wavelength width. 

Erl^nH H,° n 1 ! he H 0t,1Br h f n « 3 refleCSOn *** ° ptical system ""'""A P"* 6 ' (Motive power) of a concave 
imror and the like does not effect chromatic aberration and. with respect to Petzval sum creates a contribution 
« w,th an oppos,te sign to a lens element As a result a so-called catadioptric optical system SrLafter Sed 

iJ^ST 6 ^ TTP' ^ C ° mbineS 8 Catoptric °P«ca' system and V dToX Topta system 
together can correct chromatic aberration as well as other various aberrations to a level of almost no aberation 
without mcreas.ng the number of lenses. Thus, a catadioptric optica, system is an optica, system having aS 
one lens element and at least one reflecting mirror with refractive power. 9 

50 H ° WeVer ' When 8 ooncaw mirror i8 incor Porated on the optical axis of a projection optical system of a 

projection exposure apparatus, light from the reticle side incident on the concave mirror is reStZl 

me optica path of light reflected by the concave mirror and also to direct the reflected light from the concave 
opto* in Mm*. „p„c, dteteJa „ j,,^ Un J m £, ^JSSSLS! 
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a beam 8pIitte r is retired. . plurality of lens 
or mi adjusting optical elements. A light b^Sj^J^JL 9 ^, proble a m8 88 <« ffi «"«es h manufacSe 
changmg the optical path direction incorpora3 i n a S« ♦ V' 8 " 6 reflecting mirror ( fol *'ng mirror) for 
extremely high surface accuracy of the mESh rLfrJ .°. Pti0al 8ystem 88 neces sary. Accord no? 
hem,™. Further, me mirror is easl V affect^y vlLZ ' ^ ^ diffioul * of the manuSS 

Li co^aTp^ si^rr^sr - h r pa,en * no - 5 - 7i7 ' sie - — 

system can be manufactured with high accuracy ft^rSt^ ^T 9 , ' " nflle 0ptica ' axto - ^ 8 result the ootical 
he projection optical system manuLuTK^ 

9h beam propagaling along ^ optfcaI ax ^^J^^J T P°*on to shS 

[0010] Additionally, because it is difficult to ^ detenorat«on of a pattern of a certain frequency 

performance in the extreme ultraviolet UeleS reoionT 6 , anti - reflecti °" with sufficient optical 
en**, an optica, system be reducedr^X poSie ' 8 *° M 016 numb " * optica, element 

or less. an ^ ^^^1^ ' ^ *** 8 « °< ™ P" 

ght source with a wavelength of 200 nm o^1lIS^^^? I E!^ , rT^, 'f M even *»" "4 
numerical aperture of NA 0.6 or more can be secured and th« ™JS " ?° ^l"™ "Shielding is used, a high 
reduced as much as possible be provided ' d ** " Umber of refractive and reflecting components is 
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20 



25 



15 [0011] 



SUMMARY OF THF iNrv/c NT | 0M 
[0012] 



SSL a ^XroSTy^ 

rh^ n9m 7l 0n ' inpartCU,ar '« venl "the^ in the extreme ultraviolet 

for high resolution is secured, and the number of * 2 m ° r less - and a NA <M or more) necessarv 

Po- l^ap.jecBon exposure ^^Z ^Z^Z^ " 

compJses a ^Si^tT.Sria XS^lT^ 8 «*«- system, which 

onto a second surface based on said light from isaid intermeSrSgV^^^ """^ ° f firet surface 

frg^rfM a firet 

2 light reflected by said first JS^^uZ£^^ 8 SeCOnd reflecti "9 sloe t 
sa ( d first and second reflecting surfaces is a concave refleS I 9 '" 9 cpt,cal 8 * 8,em ; at one of 

has an aperture diaphragm; ^ refleot " 19 surface : a "d said second imaging optical system 

^P^Wh^Jaj^jW reflecting surface £ ^ 
the direcbon of the second imaging optical system " refleCtln9 surface P ass or P a *s through in 

orLter^roptSS* 18 8UbStanfta,ly drcU,8r «" - — * no shielding object in the neighborhood 
10015] F Urt her, in the present invention, me following condition is preferably satisfied: 



[0016] Further, ,n the present .nvention. the foilowing condition is p*m*ZLui«r 



BRIEF PFSORlPTinu np TH p Prv , m |n - 

S~ ensure a PP aratus eq ui PP ed 
•-•"bod^'ori'pallSff 3 ' enS C ° nfi9Uraton ° f 8 «**p«« °P«ca- system in accordance v^th a 
KbodimSt 3 fe 3 ^ tra " SVeree ■» oatadioptric optica, system in accordance with the 

ISernbSLltof^p^ of a catadioptnc optica, system in accordance with a 

Ed embSfme^ 8 Vi6W 8h0Wi " 9 tran8Veree - - catadioptrtc optica, system in accordance with the 

SSJL^St'p^^ 3 ' enS COnfi9Urafi ° n ° f a «~*P* optica, system in accordance . 
SSL-St 7 18 8 ^ ^ tranSVeree » - the catadioptnc optica, system in accordance v*th the 

DESCRIPTION n F THF PR mTPrTED FMR nn, M FNIS 

£P^^ .he present invent wii, be 

first catadioptric type imaging optical system G PfTforLn ! V catad, °^ °P«cal system provided with a 
second refraction type imagVopticll sySem G2 £mZTJ 1318 ima9e 11 of a first ^ace 3 and 2 a 
onto a second surface 9 (wafer surface 11 th?i« - telece " tncal| y fo ™l"9 the final image of the first surface I 
first optica, system G1 his a ien ^up Si^H J^Tl ° n ** *»» intermedia?. magi Th 
which reflects light passed through the lens S «J I °" e P° s,t,ve le ™ element, a first reflecting surface Ml 
M2 for directing iigh, reflected byme^rsT^ and a •«*» 

least one of the first and second reflectino surfed Tf 0,6 second ima 9 ina opBeal system G2 and « 

optica, system G2 has aperture diaVhragm AS FSPo the^?^ 9 ^ Further ' » e second imaging 
disposed on a single linear optica. L aJ £e fS surS^ 3 a^ d e hT ,ent8 °i ^ Ca,,d,opWe ™ 

fn .hi „ Stentia '^ mUtUa " y Paral,el: and « exit pupil J "e Sdto^n « 7*" 9 ^ P ' ane SUrfaces "** 
In me present .nvention. a structurally reasonable ratedLt,t ^n«^ P . 0pfiCal system is substantially circular 
projected area an annular shape and by ^Sl^SS^S^^ ' S aChi8V8d by makin 9 * 'Active 
poubonng the first and second refle«*ng surfaces tSland^l ' nterference of e,e ™nts through appropriately 

[0027] Further, in the present invention, the foilowing condition is preferab* satisfied: 

a"S^ fi ? or second reflecting surfa.. and L is 

appropriate power range of the concave reflecting suSS In th? « S """f 8 * The COndition < 1 > define * an 
sum created by refractive lenses is corrected byi nloative Pe^.r I LT nt,V8 0pt, ' cal 8ysfe ^ P° si «ve Petzval 
« over the upper limit value of the conZ* (X D ^ a P ZT*" i """^ mi ™ w "en »» powe 
sufficiently corrected, and the flatness of tne h^dSSSl^LT by ™ e lenses «™« "e 

tonrt value of the condition (1). the Petzval sum is ovflrS I f?"* Wh8n me power is ™™ the lower 
I00 28] Further, in the present Invention. ^tZ^ZCJ!^^^ ***** 

-rein pM1 represen* a magnification of , e Sncav^surface of »e first or second refining surface. 
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(2).symmetricftyofthefir8timaglngTysternSl "JLlS^ZSll^ ^ '° Wer ,imlt Value of fte «™««on 
the image deterioration. ° USly affected ' lar 9 e °° ma aberration being produced, and causes 

« [0029] Further, In the present invention, the following condition is preferably satisfied: 

TagS^^ cond.cn (3) de« appropriate 

the condition (3) or is below the IowTm value of ^JSZSP^^ " ° Ver 0,6 upper limit value <* 

srnTrtrrrrr"^ collapses ' 

surface 3. after being refracted b the tens arouo iY rT s « * t0 * e ° ptical ■* AX. Light from the first 
reflecting surface M1, and, after being SbS by™ s^aae ^JSf 1 h** Pla ? P1 (the first time > ,0 the 
,5 to the reflecting surface M2. Further the ^ght, ISSTJ^ ^ * B P1 (the second *™») 

again the plane P1 (the third time) and fen£ the M^Z^L m ? SUrface M2 ' passes 

projected area an annular shape, the light ^tto oS^SlTf 9 ^ S "T* 1 by having made the effecti ^ 
positioned so as not to physicalty interfere JhJSSJ 38 refleCtin9 Surfaces M1 and M2 «" "e 

telecenMconthefirstsurfaceS^ " Pr6ferable ^ 1,10 optical s * stem additionaily 

apparatus equipped with a projection oXu^TJLSrJS Confi9u K ra,i0n °' a pf0 J ecBon ex P° s "^ 
25 optical systems. Note that, in FIG. 1 a z j? set T "7 e , mbodiment of present invention 

system 8 constituting the projection exposure^otical svltem v «™ 3x18 M ° f *• Projection optical 

of FIG.1. and a Y-axis is set WendX to tne pane ^^f m« ^ 'l^ 1 ^v" 6 ' t0 p,ane of 016 drawi "9 
perpendicular to the optical arts Xx. fS , a retSe 3 as s ^S, ^ ° f , ^ a " d Y " 3X65 bei " 9 in a P lan * 
circuit pattern is formed is disposed on IhToSeTpirS ll^Z^J^T,^' 0 " a P re determined 
substrate, coated with a photoresist is *p^^^^Ifi^J^ , 8yS em 8 ' and a wafer 9. a * a 
[0033] Light emitted from light source 1 vL tne iHln ^ ?" T^' 8yStem & 
reticle on which the predetermined pattern™ i^^T^^?* 1 mXem t 2 ' uni,omily i,luminates the 
direction are disposed, as required, on^o^lSw*! .?1 d " 9 mmrS for chan 9 in 9 tne °P«cal path 
[0034] Note further mat tne ilinZ ^^ Z^ ^ * 

integrator constituted of. for example a flyeye lenforTn iLfTff °* K * SyStemS such as an °P tical 
light source having a predetermined I size an nuS- » 1 ■ ,n ' ern /' reflect, °n «VPe integrator for forming a plane 
shape of an illumination area « £ reticle 3 and a ft-H? St ° P ^ b " nd) f ° r definin9 ** tij «Z 
this field stop on the reticle. Also note mat J 1 nXr^^ 0 ?™.! System for P rotectin 9 »» image of 
illumination optica, system disdosed in U.S. Patent No 5 SS^y b ^pp.?ed ' ^ 1 t0 "* St ° P ' me 

rffornj 1 : x 3 «o' s stsri^ °ove e r r 5 para,,ei to - * ptene - * «» -* 

iilumination optica, system 2. The , stege 5 f -TStSSTU'S: t i,,Uminated "* li9ht from the 

alongareBdeplane(i.e..meWplane)bymeeffec\^a drrf a ^^ k ^ ' S ^^ionally movable 

AS (see FIG. 2, near «s Jupi, and ,s ^JZ^S^^ 
Sntiailystr^arlat:^ ~* ^ X Onto a 

by interferometer 13 using wafer moving 1?^^ £CS«X£Z ^ ^ " 

Srear£)^^ area,1nd the projection area 

^r^ 

use of an autofo^s/autol^eling system not s^KtoT^Z? *T °' Pr ° Jec8on 0ptiCa, ^ b y ^ a 
- w.fer stage 1, and acco^g, ^T^TX^^ 
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40 [0035] 

3 is 
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shaped exposure and illumination areas r e alono the x^MiZ » K 

(First Embodiment) 

catadioptric type imaging optical system G1 for ^^Tlrin^^E ,¥T C ° mprisin9 a first 

a second refraction type imaging optical system G2 for 2fZ„«lV f 9 1 ° f 3 ret,cle (first surface ) 3 ™* 
^-3on^ «"- i-ge of the re«c.e 

Lt 'Wsur^ -« one P osi«ve lens e.emen, a 

for directing light reflected by the fiSt SteSSX^l^t! 9 ™ P U and a second refl «=«"9 surface M2 
one of the first and second reflecting surfaces beinj a V^X^J^J*** SyStem G2 ' at least 
system G2 having an aperture diaphragm AS Fu2 aK fl" 8eC ° nd ima9in 9 ° Dtical 

are d.sposed on a single linear optical axis AX Te reuL s^ 3 i„^T f * e ^oplnc optical system 
which are substantially mutually parallel; and anexit pup oflne , , 9 plane surfaces 

[0043] In Table 1 are listed values of ite™ nf 1 Pt,Ca ' SyStem is substen «ally circular, 

embodiment In Table 1 numerate taS Pr ° jeCa ° n 0ptiCal System in accordance with the first 

(first object plane) side/r is T^^lT^le^l^ °T " ^ SUrfaCes the 

L be expre^^ aach «*•*•* an asphenca. surface 

l^V^ amount) from 

sa rr n simaar «— * »~ 

mtervaldin the values ofitems of all embodime^mm may be usef ^ ^ ° f CUfVature r and the surface 

fTable 11 







NA = 0.75 








X= 193.3 nm 




No. 


: r 


d 


Glass Material 


1 


-211.97583 


30.000000 


Si02 


2 


-354.80161 


35.347349 


3 


-8888.21083 


38.000000 


Si02 


4 


-227.79960 


0.944905 


5 


303.84978 


27.415767 


Si02 




ASP: 








k=0. 000000 








A=+0.743561x10" fl 


B = 0.230589 x 10' 12 






C=-0.115168x10* 17 
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FTable 1] 



No. 



X= 193.3 nm 



Glass Material 



6 
7 
8 
9 
10 



11 
12 
13 



14 
15 
16 



17 
18 
19 
20 



21 
22 
23 
24 
25 
26 



237634.15996 
oo (Plane) 
-348.87932 
4267.07121 
-362.24910 
ASP: 
k=3.260270 
A=+0.859110x10' 8 
C=-0.100064x10 -15 

4267.07087 
-348.87932 
642.80918 
ASP: 
k=1. 840470 
A=0.198825x10- e 
C=0.597091x10* 18 
E=-0.103460x10' 26 
208.71115 
-2529.72930 
-1810.41832 
ASP: 
k = 0.000000 
A=-0.885983x10" 7 
C=-0.570861 x 10- 16 
E^^OSSxIO- 25 
851.98207 
15200.59096 
-268.76515 
434.96005 
ASP: 
k=0.000000 
A=-0.161380 x 10" 7 
C=+0.108604x10" 17 
E=-0.101080 x 10' 25 
-345.83883 
-215.91874 
-619.95152 
415.08345 
-1275.90912 
324.91386 



30.000000 
214.776416 
12.000000 
5.579827 
-5.579827 



B=+0.351935x10" 12 
D=+0.318170x10' 19 



-12.000000 
-214.776416 
246.776416 



B=0.556479x10* 13 
D=0.492729x10" 22 



33.000000 
257.546203 
14.500000 



B=-0.200044x10- 11 
D=+0.456578 x 10' 22 

220.408225 
30.000000 
0.200000 
36.013163 



B=+0.153066 x 10" 12 
D=+0.319975x10' 21 

10.489902 
20,000000 
0.200000 
40.000000 
26.286090 
35.000000 



Si02 

(Reflecting 
surface) 



Si02 

(Reflecting surface) 



Si02 
Si02 



Si02 
CaF2 



Si02 
Si02 
Si02 
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X~ 193.3 nm 


No. 


i r 


d 


Glass Material 


27 


: -/4U.U0769 


5.214992 






ASP: 








k=0.000000 








A=+0.138330 x 10* 7 


B=+0.194125x10- 12 






C=-0.258860x10* 10 


D=-0.196062x10- 22 






E=+o.363539 x io- 26 






28 


140.91060 


34.000000 


Si02 


29 


1406.88948 


0.500000 




30 ; 


355.40083 


17.506069 


Si02 


31 


98.27403 


1.561573 




32 


105.27944 


75.940555 


Si02 


33 j 


1597.37798 


12.920542 





(Refra 


ctrve index of glass material) 




Jt=193.3nm+0.48pm 


X=193.3nm 


A=193.3nm-0.48pm 


Si02 
CaF2 


1.56032536 
1.50145434 


1.5603261 
1.5014548 


1.56032685 
1.50145526 



(Condition correspondence value) 
[0046] 

(1) |fM1| = 181.1246/1350=0.13417 
(2) |PM1| = |-1.21007| = 1.21007 
(3) IP1| = |1.1454| = 1.1454 

(Second Embodiment) 

fUlL* T 'i " f ^ Wi " 9 il,ustratin 9 a lens configuration of a catadioptric optical system in accordance with 
[0049] The first imaging optcal system G1 has a lens group L1 including at least one positive lens element, a 
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IPl = 1/6 








NA = 0.75 








X = 193 3 nm 

/V 1 w v. w III || 




No. 


; r 


a 


Glass Materia! 


1 


j 521.54601 


23 000000 


5l02 


2 


-191 704 <?fi7Q 


0.944905 


3 


■ 194 28987 


OA AAAAAA 


Si02 




1 ASP: 








j k=0.000000 








j A=-0. 155326x10* 


B=-0.140791x10' 12 






: C=+ai76234 x 10- 17 


D=-0 1 55625* 10" 21 




4 


j 452.66236 


son nnnnrm 




5 


-589.38426 


1 O AAAAAA 

I^.UUUUUU 


Si02 


6 


1106.79674 


C AAfiflAA 




7 


-482.64964 


-5.000000 


(Reflecting surface) 




ASP: 






k- = 7 430564 








A=+0.199000x10- 8 


B=-0.957889x10- 12 






C=-0.122172x10' 15 


D=+0.305937 x 10' 19 






E=-0.126279x10" 22 






8 


1106.79671 


-12.000000 


Si02 


9 


-589.38426 


-273.707398 




10 


455.39924 


477.535323 


(Reflecting surface) 




ASP: 








K=0.000000 








A=+0.434199 x 10* 


B=+0.327908 x 10" 14 






C=+0.360429 x 10' 19 


D=-O.622589 x 10" 24 




>11 j 


300.69546 


29.000000 


Si02 


12 ; 


-3836.44237 


191,527911 




13 I 


-4996.75666 


.15.000000 


Si02 




ASP: 








K=0.000000 








A=-0.601871E-07 


B=-0.111865x10" 11 






C=-0.177478x10' 16 


D=+0.104425x10' 23 
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X = 193.3 nm 


INO. 


i r 


d 


Glass Material 




: E=-0.236872x10* 25 






14 


j 1631.22452 


164.229823 




15 


\ 761.43970 


32.000000 


Si02 


16 


•416.24467 


7.787594 




17 


385.90210 


43.198650 


CaF2 




ASP: 








K =0.000000 








A=-0.127289x10* 7 


B=+0.112712x10- 12 






C=-0.237720x10- 18 


D=+0.283035x10- 21 






E=-0.177785x10 -25 






18 


-325.55463 


16.575364 




19 


-220.30976 


20.000000 


Si02 


20 


-755.61144 


9.063759 




21 


359.10784 


37.871908 


Si02 


22 


-1575.91947 


1.464560 




23 


235.63612 


32.000000 


Si02 


OA 


-2200.62013 


1.000000 






ASP: 








k = 0.000000 








A=+0.198616x10" 7 


B=-0.109623x10" 12 






C=0.106669x10* 16 


D=-0,466071x10- 21 






E=+0.853932x10- 26 






25 j 


159.89570 


33.600000 


Si02 


26 j 


2158.79385 


0.000000 




27 j 


406.09986 


9.500000 


Si02 


28 j 


68.76384 


4.196119 




29 


70.58705 


75.473363 


Si02 


30 I 


2340.17874 


9.379567 





45 (Condition correspondence value) 
[0051] 

(1) |fM1| =241.3248/1339.26=0.18019 
50 (2) |pM1| = 1-12.51) = 12.51 

(3) |p1| = |-0.6135| = 0.6135 

[0052] FIG. 5 shows transverse aberration diagrams of the catadioptric optical system in accordance with the 
second embodiment As can be clearly seen also from the aberration diagrams, aberrations are well-balancedly 
55 corrected in the overall exposure area. 



(Third Embodiment) 



• 



'10 



15 
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?!2 ^n^tXl dra ^g'illustrating a lens configuration of a catadioptric optical system in accordance with 
svstm G1 ^ fa™in^„ g T m » a t c * adl °P Wc ^ s V stem ^P^ing a first catadioptnc type Sging^pS 

Kfl Brti nI h ! ^ 'T^ in9 *° f i! iCa ! D SyStem G1 a ,ens grou P L1 ,ndudin 9 at 'east one positive lens element a 

ar l5'l P0Sed ° n w a Sin9le ' inear 0pticaI 3x18 me reticle surface-3 and S W afeV «iS ^ ?a2 

[0055] in Table 3 are listed values of items of the projection optical system in accordance with th* third 
embod,ment Note that reference codes in Table 3 are similarly' defined as those in FIG TSSS^^ S 
can be expressed by the above-described mathematical formula. aspnencai surface ASP 



20 



25 



30 



35 



40 



45 



50 



55 







1 — ,w w i 

Iftl = 1/4 
ipi t/M 








NA = 0.75 








a. — lo/.o nm 




No. 


; r 


H 
u 


Glass Material 




; 014.D3001 


28.000000 


CaF2 


2 


: .034 RSPfin 


o 7. 000000 






; ASP: 








j k = 0.000000 








1 A=-0.229218x10 _7 


B=+0.947150x10" 12 






j C=-0.128922x10- 16 


D^.igOIOSxIO' 20 






E=-0.386976x10 25 






3 


-639.17871 


23.000000 


CaF2 




ASP: 








k = 0.000000 








A = -0.108326x10* 7 


B=+0.924937 x 10" 12 






C=-0.326453x10* 16 


D=-0.342966x10* 20 






E=+0.132323x10" 2S 






4 


-318.93314 


245.763430 




5 


-108.60441 


10.000000 


CaF2 




ASP: 








k = -0.495309 








A = 0.486675 x 10* 7 


B=0.492347x10 -11 






C = -0.606490x1 0- 16 


D = 0.180500x10 -18 






E = -0.766603x10' 23 


F = 0.138880x10- 26 




6 j 


-2160.76276 


14.249561 




7 ; 


-165.34978 


-14.249561 


(Reflecting surface) 




ASP: 








k= 1.132286 








A = +0.201000x10" 7 


B = +0.102160x10" 11 
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X = 157.6 nm 



C= -0.209696x1 0" 16 
E = +0.429651 x 10* 24 
-2160.76276 
-108.60441 
ASP: 
k = 0.495309 
A = +0.486675x1 0* 7 
C = -0.606490x10* 18 
E = -0.766603 x 10* 23 
-318.93314 
-639.17869 
ASP: 
k = 0.000000 
A = -0.108326 x 10- 7 
C = -0.326453x10' 16 
E = +0.132323x10 -25 
-1183.44883 
ASP: 
k = 0.000000 
A = -0.183262x10 -10 
C = +0.147599 x 10* 16 
E = -0.115790x10" 25 
-639.17869 
ASP: 
k = 0.000000 
A = ^).108326x10- 7 
C = -0.326453x10* 16 
E = +0.132323x10- 25 
-318.93314 
756.86009 
^»12.30872 
ASP: 
k = 0.000000 

A^+o^eieeoxio- 8 

C = +0.135118x10' 18 
E = +0.151108x10" 27 
382.45831 
2411.92028 
203.57233 
ASP: 
k = 0.000000 



D = +0.126536x10- 1fl 
F = -O.160033x10- 29 
-10.000000 
-245.763430 



B = +0.492347 x 10* 11 
D= +0.180500x10- 16 
F = +0.138880x10- 2e 
-23.000000 
-4.391997 

B = +0.924936x10" 12 
D = -0.342966x10' 20 



Glass Material 



CaF2 



CaF2 



4.391 997 (Reflecting surface) 



B = -0.246349*10- 12 
D = +0.182045x10' 20 

23.000000 

B = +0.924936x10* 12 
D=-0.342966x10- 20 

300.763420 
41.000000 
15.942705 

B = +0.893121 x 10* 14 
D=-0.735265x10- 23 . 

36.000000 
120.195566 
23.670903 



CaF2 



CaF2 



CaF2 
CaF2 



• 
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X= 157.6 nm 



No. 



Glass Materia! 



20 
21 



22 
23 



24 
25 



26 
27 



28 
29 



30 
31 



A = -0.6661 18x10 * 
C=-0790187x10- 19 
E = 0.210563x10' 25 
174.15615 
164.52297 
ASP: 
k = 0.000000 
A = +0.153241x10- 7 
C = +0.252256x1 0' 15 
E = +0.326670x10" 23 
746.82563 
93.58470 
ASP: 
K =0.000000 
A = -0.267761 x 10- 7 
C = +0.117557x10- 15 
E = -0.162733 x 10* 22 
256.99945 
-129.21983 
ASP: 
k = 0.000000 
A = -0.588690 x 10* 6 
C = 0.130813x10" 14 
E = -0.123125x10 -22 
-219.48522 
102.75126 
ASP: 
k = 0.000000 
A = -0.862905x10" 7 
C = -0.124879 x 10- 14 
ES-0.451018X10- 22 
593.36680 
83.17946 
ASP: 
k = 0.1 11409 
A = -0.393239x1 0" 7 
C = -0.679503 x 10- 14 
ES-0.763652X10' 22 
197.09247 
110.23581 
ASP: 



B = -0.225767x1 0* 12 
D = -0.460596x1 0' 21 
F = -0.570908x10^ 
417.834922 
20.000000 



B = +0.610531x10- 12 
D = -0.150451x10" 20 
F = -0.132886x10- 27 
20.284156 
23.000000 



B = +0.970828x1 0" 12 
D = +0.718106x10- 19 
F = +0.586684x10" 26 
21.338588 
16.000000 



B=0.461959x10" 12 
D = -0.849445x10" 19 
F = +0.290566x10" 26 
1.000000 
19.500000 



B=-0.119006x10" i0 
D= -0.36791 3x10* 18 
F = +0.119726x10- 26 
1.000000 
18.815833 



B = -0.723984 x 10* 11 
D = -0.115217x10" 17 
F = +0.381047x10' 25 
1.000000 
43.599536 



CaF2 



CaF2 



CaF2 



CaF2 



CaF2 



CaF2 
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10 



X s 157.6 nm 



No. 


r 




d 


Glass Material 




k = 0.000000 










A = +0.850436x10" 9 


B 


= +0.126341 x 10* 10 






C = +0.168625x10" 13 


D 


= +0.782396x10 -17 






E=-0.233726x10 _20 


F 


= +0.333624x1 0" 24 




32 


oo (Plane) 




9.100000 





15 



20 



(Refractive index of glass material) 
[0056] 





X - 157.6nm+1.29pm 


157.6nm 


157.6nm-1.29pm 


CaF2 


1.55999383 


1.56 


1.56000617 



25 



30 



35 



40 



45 



50 



55 



(Condition correspondence value) 
[0057] 

(1) |fM1| = 82.6749/1350=0.06124 
(2) |pM1| = |-0.96128|=0.96128 
(3) |p1| = 1-1.44531 = 1.4453 

[0058] FIG. 6 shows transverse aberration diagrams of the catadioptric optical system in accordance with the 
third embodiment In each diagram, Y indicates the image height, continuous line indicates the standard wavelength 
(X =157.6nm), dotted line indicates \ = 157.6nm+1.29pm, and alternate long and short line indicates \ = 157 6nm- 
1.29pm. As can be clearly seen also from the aberration diagrams, aberrations are well-balancedly corrected in the 
overall exposure area. 

[0059] Meanwhile, the above-mentioned embodiments are applied to a scanning type projection exposure 
apparatus using a step-and-scan method (scanning method) in which a mask and a wafer are synchronously scanned 
with the speed ratio equal to the exposure magnification p while each shot area on a wafer is exposed using an 
exposure area of circular arc shape (a shape partially cut out of an annular shape) . However, when the exposure 
field is, for example, about 5mmX5mm square, the above-mentioned embodiments can be applied also to a step-and- 
repeat type (one-shot type) projection exposure apparatus in which, after the mask pattern image being transferred 
onto one shot area on a wafer at one shot a process wherein the mask pattern image is exposed onto a next shot area 
by two-dimensionatly moving the wafer repetitively is repeated. It is to be noted that because, in the step-and-scan 
method, good imaging performance is required only within a slit-like exposure area (a shape extending in a 
predetermined direction, for example, a long rectangle, a trapezoid, a long hexagon, a circular arc etc) a larger 
shot area on a wafer can be exposed without large-sizing the projection optical system. 

[0060] Meanwhile, in the above-mentioned embodiments, the invention is applied to a projection exposure 
apparatus used for the manufacture of semiconductor devices. However, in addition to a projection exposure apparatus 
used for manufacture of semiconductor devices, the invention can be applied to, for example, an exposure apparatus 
transfemng a display pattern onto a glass plate used for the manufacture of display devices including liquid 
crystal display devices, to an exposure apparatus transferring a display pattern onto a ceramics wafer used for the 
manufacture of thin film magnetic heads, to an exposure apparatus used for the manufacture of image pick-up devices 
(CCD, etc.). Also, the invention can be applied to an exposure apparatus transferring a circuit pattern onto a glass 
substrate or a silicon wafer used for the manufacture of a reticle or a mask 

[0061] The present invention is not limited to the above-mentioned embodiments, and it is obvious that the 
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ZeT "V^T i0 COnfi9Ura,ion8 ^Pating from the spirit and scope of the invention 

[0062] Further, the present mvention can be configured as the following (A) or (B) ^nCtin 

^J^S^ to 14 wherein a„ of the retrace 

Plurality of glass materials including fluorite 8 S ' n9 ' e tand of 9 |ass material °' from a 

(B) A projection exposure apparatus comprising: 

sn W*, optical system for M«, , M «, . p^^,^, MM „ „ ^ M 

substrate disposed on said second surface; TCt Surface onto a Photosensitive 

wherein said illumination optical system provides light of a wavelength of 250 nm or less. 

Son fj^ittsss: :aic:rr c rr system in ^ 

region of 200 nm or less, and a MA (0 6 or mart i n*r~«^ n9th „ re ? lon - in Particular, even in the wavelength 
refractive and reflecting components is edu«d as icn^^ Z T '* S6CUred ' and number of 

since light absorption is little bSuse offre T" 8 em be used 
projection exposure apparatus of the WBsUhJ^T^/ •^?^u"^ nh and 1he like stHI the 
system, has an advance that fine m^Srn* above-mentioned catadioptric optica, 



Claims 



1 . A catadioptric optical system comprising: 

a first imaging optical system for forming an intermediate image of a first plane surface; 
- ^S^^^^^J^ - « P-e surface onto a second P ,ane 

pla^T^S^^^ *™ - ** plane surface to said second 

Plane surface and a second ri^^^^™^ " 9 ( ht f" 1 '" 9 fr ° m ,hrough said firsf 
surface toward said second plane s^Se Sets/one S w V by said first reflec «"9 

concave reflecting surface; and d fll * and second refleclina surf aoes being a 

all of the optical elements of said catadioptric optica, system being disposed on a single .inear optica, axis. 

glTSg?^^^ optica, system inches a ,ens 

imaging optica, system indude/a Z^&XZST' " M ^ 

slSS^ar 03 ' ^ aCC ° rdin9 10 d3im 1 - *** an ex " P"P« ^ said catadioptnc optica, system is 
A catadioptnc optical system according to claim 1. wherein the following condition is satisfied: 

:Ss£^^^ second refie.ng surface, and 



tt a » «j* » • EP 1 069 448 A1 

6. A catad.optnc optical system according to claim 1, wherein the following condition is satisfied: 

. . 0.6<|pM1|<20 
wherem pM1 ,s a magnification of said concave reflecting surface of said first or second reflecting surface. 

7. A catadioptric optical system according to claim 1, wherein the following condition is satisfied: 

u . « . 0.3<|pi|<1.8 
wherein p 1 is a magnification of said first imaging optical system 

^^S^^ a lens 

■magmg optica, system includes a Action type op«oa, system and hast aSSphS 

1 ^st u rsS2y C dS , SyStem aCCOfdin9 t0 ^ 1 °- Wherei " 3n ~ ™* ° f said <— opto, system 

12. A catadioptric optical system according to claim 11. wherein the following condition is satisfied: 

• . 0.04<|fM1|/L<0.4 

13. A catadioptric optical system according to claim 12. wherein the following condition is satisfied: 

. . 0.6<|pM1|<20 
wherem pM1 is a magnification of said concave reflecting surface of said first or second reflecting surface. 

14. A catadioptric optical system according to claim 13. wherein the following condition is satisfied: 

„■ 0.3<|p1|<1.8 
wherein pi is a magnification of said first imaging optical system. 

15. A projection exposure apparatus comprising: 

an illumination optical system for illuminating a mask on which a predetermined pattern is formed; and 

16. A projection exposure apparatus comprising: 

an illumination optical system for illuminating a mask on which a predetermined pattern is formed; and 

1^3215?^ T" aCCOrdin9 ,0 daim 11 for projectin 9 said Predetermined pattern of said mask 
deposed on sa.d first surface onto a photosensitive substrate disposed on said second surface 

17 'hJ^^EJX: !^ B ^ h ^ f 0p " ■* 3nd ° perab,e 10 form inte -«*ate and final 
^^^^^ 
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light from the first plane surface to the second reflector and the second reflector reflecting light to the 
second plane surface. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 



TANGENTIAL SAGITTAL 

0.0120 



0.0120 


J MAGE 
HEIGHT 
RATIO 1.0 
Y=16 . 






-0.0120 




0.0120 

& rtmm ' 


IMAGE 
HEIGHT 
RATIO 0.88 
Y=13 : 6 j 


-0.0120 





-0.0120 



0.0120 



-0.0120 



0.0120 



IMAGE 
HEIGHT 
RATIO 0.75 



0.0120 



-0.0120 



-0.0120 



193.3 NM+0.48pm 

193.3 NM 

193.3 NM-0.48pm 



EP 1 069 448 A1 



FIG. 6 
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FIG. 7 
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